In humid areas, irrigation systems are used to increase the crop yield. The selection of irrigation system to be used is a decision made under uncertainty. This paper shows a procedure that is an association between Monte Carlo simulation method and the criterion of Stochastic Dominance to analyze the viability and identify the best economic option under risk condition. To illustrate the applicability of the procedure, three types of irrigation systems are evaluated to be used in a citrus orchard in Sao Paulo State, Brazil. The irrigation systems evaluated are: drip, microirrigation, and traveling sprinkler. The decision indicator is the present value of net benefit associated with the increase of yield obtained with the irrigation system adopted. The Monte Carlo simulation method is used to generate the cumulative distribution of the present value for each one of the irrigation systems. These curves allow to analyze the economic viability of the three irrigation systems. According to the First Degree Stochastic Dominance, traveling sprinkler system was the best alternative with 95.7% probability of obtaining a positive present value. The second best option was the microirrigation with 82.7% and the worst result (57.3%) was obtained with drip irrigation.
SUMMARY
In humid areas, irrigation systems are used to increase the crop yield. The selection of irrigation system to be used is a decision made under uncertainty. This paper shows a procedure that is an association between Monte Carlo simulation method and the criterion of Stochastic Dominance to analyze the viability and identify the best economic option under risk condition. To illustrate the applicability of the procedure, three types of irrigation systems are evaluated to be used in a citrus orchard in Sao Paulo State, Brazil. The irrigation systems evaluated are: drip, microirrigation, and traveling sprinkler. The decision indicator is the present value of net benefit associated with the increase of yield obtained with the irrigation system adopted. The Monte Carlo simulation method is used to generate the cumulative distribution of the present value for each one of the irrigation systems. These curves allow to analyze the economic viability of the three irrigation systems. According to the First Degree Stochastic Dominance, traveling sprinkler system was the best alternative with 95.7% probability of obtaining a positive present value. The second best option was the microirrigation with 82.7% and the worst result (57.3%) was obtained with drip irrigation. 
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INTRODUCTION
In humid areas, irrigation systems are used to increase the crop yield. The decision to irrigate and the selection of the irrigation system are made under uncertainty. The citrus for juice industry in Sao Paulo State, Brazil, is an example (Favetta, 1998) . Irrigation is applied to increase and to assure yield but it is very difficult to analyze the net benefit because of the fluctuations in the citrus price, equipment cost and in the yield increase generated by different irrigation systems.
The initial investment, operation and maintenance costs, and irrigation efficiency are key choice parameters in the selection of irrigation methods (Hamilton & Schrunk, 1953) . For, Keller (1965) , the selection must be done by system costs and by the effect of the method on water-conservation management. Holzapfel et al (1985) showed a procedure to select an optimum irrigation method for specified field conditions that consisted of an analyticaltechnical step and a technical-economic step. None of these papers considers the cost variations and the their effects on the net benefit obtained with the irrigated crop.
Three irrigation systems have been used in the citrus orchard, in Sao Paulo State, Brazil. They are: traveling sprinkler, microsprinkler and drip irrigation. Technically, all of them can be used. The questions are: Are the irrigation systems economically feasible?. Which option is economically optimal ?. To answer these questions this paper proposes a procedure that is an association between Monte Carlo simulation method and the criterion of Stochastic Dominance.
The Monte Carlo method makes possible the simulation of any process influenced by random factors (Sobol, 1974) .
There are many criteria that can be used for decision making under risk, with special attention in the mean-variance criterion and in the stochastic dominance criterion.
The mean-variance criterion has been commonly used in portfolio selection and it is applicable when the decision maker maximizes expected utility and either the decision maker's utility function is quadratic or the probability distribution of returns is normal (Feldstein, 1969 ; Hakansson, 1972) .
There are many criticisms in the application of this criterion. The quadratic form of utility function is not consistent with observed behavior and implies increasing absolute risk aversion. Stochastic dominance is most commonly applied in finance and the economics of uncertainty (Levy, 2006) and it is advantageous because it accommodates skewness and other data irregularities and permit more general assumptions about the utility function of the decision maker (McNamara, 1998) . Wilde et. al (2009) applied stochastic dominance to study subsurface drip irrigation (SDI) systems under different scenarios included three water distribution uniformities represented by flow variations of 5%, 15%, and 27%, with each irrigated at two levels, a base irrigation amount and 60% of the base irrigation amount. The producer's risk aversion level affected their choice of design uniformities. A more risk averse producer preferred a more uniform design and was willing to pay a higher installation cost for a more uniform system. A less risk averse producer preferred a less uniform system design with a lower initial cost.
The objective of this paper is to analyse the viability of three irrigation systems and to select the best economic option to be used in a citrus orchard, in Sao Paulo State, Brazil, applying a methodology based in the Monte Carlo simulation method and in the stochastic dominance criterion.
MATERIAL AND METHODS
Methodology
The First Degree Stochastic Dominance will be the criterion to be used in the selection of alternatives. It is based in the comparison between the cumulative probability distribution among options with varying risk.
The indicator selected to compare the irrigation systems performance is the present value (PV), given by:
where PV is the Present Value (US$/ha) for a selected discount rate (  ), N is the irrigation system life cycle and t B is the net benefit (US$) in the year t, estimated by:
where t B is the increase of yield in the year t, p Y is the citrus price at probability level p, r IC is the irrigation cost at probability level r and s PC is the production cost at probability level s. The irrigation cost includes the initial investment, the pumping annual cost and the costs with maintenance and repairs.
First degree Stochastic dominance criterion
Let F(X) and G(X) be the cumulative distributions of two distinct uncertain options. Then, G(X) dominates F(X) by First Degree Stochastic Dominance (FSD), if G(X) is preferred to F(X) by all decisions makers with increasing utility functions u' 0  . Necessary and sufficient conditions for G(X) to dominate F(X) by FSD are (Levy, 1992 ; McNamara, 1998) :
with the strict inequality holding for some X.
(
In words, G(X) dominates F(X) by FSD if the cumulative probability distribution G(X) lies below F(X). The FSD rule implies that if F(X)  G(X), for every possible state of nature, G returns more than F, and the expected utility for the cumulative distribution of returns F(X) is less than or equal to that of G(X) (McNamara, 1998).
Monte Carlo Simulation Method
The present value cumulative distribution of each irrigation system is obtained using the Monte Carlo simulation method (Sobol, 1974) . For this method, the basic steps are: (1) to identify the probability distribution of the variables that show greatest fluctuation (uncertainty); (2) to generate a random probability level for each relevant variable and identify these variables values from theirs probability distributions; (3) to estimate the present value each time that the set of relevant variables is identified ; (4) to stop the process when the frequency distribution of the present value is clearly defined. In this paper, this was obtained with 200 estimations of present value.
Data
Citrus
To illustrate the aplicability of the procedure, three irrigation systems will be evaluated to be used in a 40 ha citrus orchard, at Sao Paulo State, Brazil. They are: traveling sprinkler, microsprinkler and drip irrigation.
The citrus yield depends on the tree age and the irrigation system adopted (Table 1) . The irrigation system will be feasible if the profit obtained with yield increase is enough to pay the irrigation system costs (investment, operation and maintanance). Thus, the irrigation viability will be analysed as a function of the yield increase due to irrigation system selected ( Table 2) .
In Table 2 , the crop yield is associated with the life-cycle of each irrigation system: 7 years for traveling sprinkler and 10 years for drip/microsprinkler. The citrus price fluctuate greatly. Table 3 shows the citrus prices from 1980 to 1988. (5) where t is the random probability level and t P is the citrus price in US$/kg, at probability level t.
Irrigation systems costs
To obtain an equation to represent the cumulative distribution of the irrigation system initial cost, a triangular distribution was applied to the data obtained from the manufacturers. This distribution is based in the lowest, highest and most frequently observed price (Table 4) . Table 5 shows the other costs associated with each irrigation system (Favetta, 1998). For these costs, there is no difference between drip and trickle irrigation. The maintenance and repairs costs can be expressed as an annual percentage of the initial equipment cost. For the travelling sprinkler this value is 6%/yr and for microsprinkler and drip irrigation the value is 3% (Keller and Bliesner, 1990) .
The Linear Method was used to calculate the equipment depreciation, considering zero the residual value. In the calculation of the Present Value it was assumed an annual discount rate of 12%. Table 6 shows the simulation results for each alternative. The 200 values were subdivided in 40 classes. The average present value of each class and the associated probability level were used to generate the present value cumulative distribution, for each irrigation system (Figure 1 ). For the First Degree Stochastic Dominance, if F(X) and G(X) are the cumulative distributions of two distinct uncertainty options, then, G(X) dominates F(X) if the cumulative probability distribution G(X) lies below F(X). Therefore, the traveling system dominates microsprinkler and drip irrigation, and microirrigation dominates drip irrigation.
RESULTS
For the FSD, the traveling sprinkler system is the best alternative, followed by microsprinkler. The drip irrigation is the worst option.
Traveling sprinkler, microsprinkler and drip irrigation have, respectively, 95.7% , 82.7% and 57.3% probability of obtaining a positive present value.
CONCLUSIONS
For citrus in Sao Paulo State, Brazil, there is 95.7 % probability of obtaining a positive present value with traveling sprinkler. Microsprinkler and drip irrigation have 82.7% and 57.3%, respectively. According to the First Degree Stochastic Dominance, traveling sprinkler is the best option, followed by microsprinkler and, finally, by drip irrigation.
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